Human values play an integral role in any design that aims to improve the quality of human life. However, only a few design approaches concentrate on human values in their design, and there is even very little agreement between them in identifying human values. Considering this, we created a design tool based on a comprehensive value framework to support designers' addressing human values in their designs. This tool intends to raise designers' awareness about human values and provide tangible materials to facilitate the use of selected values within the design process. This article investigated whether this tool is applicable and effective to be used in design education. A quasi-experimental study with design students showed that the project groups who were supported with this tool addressed significantly stronger human values in their design concepts compared to the control groups. Results of the evaluation indicated that the tool is not only applicable in a design process but is also effective at enriching design concepts with human values.
Introduction
Nowadays, life without technology is hardly imaginable. In this era, technology is interwoven with all aspects of life, and people perceive the world via products. Besides the many papers in the literature that have stated that products influence human behaviour (e.g., Dorrestijn 2012; Lockton 2013; Stanton and Baber 1998) , products are not neutral instruments but "active mediators in the relation between humans and reality" (Verbeek 2005, p. 235) . Verbeek (2005) argues that products play a mediating role between human beings and the world, anticipating the future in that they co-shape the existence and experience of people-and consequently their lifestyle.
As products are not self-formed phenomena, emphasising their role in human life brings to light the responsibility of designers. Supporting this statement, Verbeek recalls the moral responsibility of designers in shaping the future (2005, p. 234) . Although design in its origin aims "at changing existing situations into preferred ones" (Simon 1996, p. 111) , there is very little agreement on what a 'preferred/better situation' means or how to achieve one.
According to Rokeach (1973, p. 5) , value is "an enduring belief that a specific mode of conduct or end-state of existence is personally or socially preferable to an opposite or converse mode of conduct or end-state of existence". Human values guide human actions and behaviour in daily situations. They give expression to basic human needs. Values have a strong motivational component. They refer to desirable goals. Values serve as standards and criteria, and value systems are general plans employed to resolve conflicts and make decisions. Indeed, the employment of values as standards is a fundamental difference between being human and nonhuman (Rokeach 1973) .
Indeed, in technology and design education literature, the importance of values is well established (e.g., Barlex 1993; Breckon 1998; Coles and Norman 2005; Conway 1994; Conway and Riggs 1994; Dakers 2005; de Vries 2005; Elshof 2005; Holdsworth and Conway 1999; Järvinen and Rasinen 2015; Layton 1991; Martin 2002; McLaren 1997; Middleton 2005; Pavlova 2005 Pavlova , 2009 Prime 1993; Rekus 1991; Riggs and Conway 1991; Tungaraza and Sutherland 2005) . The studies mentioned in this list mainly target school educators and emphasise the significance of addressing values in technology education (as a means of improving the quality of life for all). Considering pupils as future citizens with influential professions, these studies note the responsibility of teachers for raising pupils' awareness about different types of values in life (Conway 1994) . They emphasise the role of values for decision-making, value judgements and evaluation in design as a complex intellectual activity (Pavlova 2009 ). In this respect, they acknowledge the need for developing a new values classification (Coles and Norman 2005) and as well, practical ways to uncover, explicate and discuss the values embedded within technologies in classrooms (McLaren 1997; Middleton 2005 ). However, the reviewed studies mostly focused on addressing values in developing curriculum and pedagogy rather than creating practical and tangible tools for design students. Therefore, in this paper, after reviewing the main studies about human values in design, we will introduce a human value-based tool, applicable in design education for training design students to address human values in their design.
Human values in design
What does the word 'value' bring to mind? In other words, what is the meaning of 'value'? The term 'value' is not so easy to define and, further, is usually used differently in various contexts. From an economic standpoint, it is about the price of things while, in other contexts (e.g., social or political), it is used to connote the importance of things. Although these two definitions look similar at first glance, they reveal an ambiguity: The Oxford Dictionary, for instance, explains value in three ways: "(1) how much something is worth in money or other goods for which it can be exchanged. (2) How much something is worth compared with its price. (3) The quality of being useful or important" (The Oxford Dictionary, 2018) . It also states that values are: "(4) beliefs about what is right and wrong and what is important in life" (The Oxford Dictionary, 2018) .
Within the design discipline, all different aspects of value seem relevant and applicable, since design deals with both objects and humans as well as the interaction between them. In fact, "design is beset with values" (Steen and van de Poel 2012, p. 70) , and applying values in design can be seen not only as an exchange-not only a meaningful difference and experience, but also an enduring belief (Boztepe 2003) . However, these different applications have not received equal attention from designers. Indeed, a search for value in design shows that there are many design approaches and practices that focus on value as 'the quality of being useful and important', for instance, User-Value-Based Product Adaption (Boztepe 2007a) , Value Based Design (2018), Value-based Design Software Engineering (Biffl et al. 2006) , Value-Driven Design (Collopy and Hollingsworth 2011), Value-Centric Design (O'Neill et al. 2010) , and High Value Design (Nackmayr et al. 2016) . However, as results of our literature review indicate, very few designers to date have paid attention to 'human value' as 'what is important for people in life' at a necessarily abstract level. Nevertheless, this attention is increasing (Friedman and Kahn 2003; Halloran et al. 2009; Iversen and Leong 2012) .
To investigate human values in design, we reviewed the related literature and searched for design approaches that focus on human values. In our literature study, we found three independent design approaches: (a) value sensitive design (VSD); (b) value-led participatory design (VPD); and (c) value-centred design (VCD), that all aim at addressing human values in design. However, besides these independent design approaches, there are several institutes such as the Values in Design Council (Knobel and Bowker 2011) and the Delft Design for Values (TUDelft Design for Values 2018)-suites of projects that refrain from suggesting any independent approach to human values. We also found some authors (e.g., Cummings 2006; Oosterlaken 2015 ) who have applied one of these approaches, some who (e.g., Kujala and Väänänen-Vainio-Mattila 2008; Manders-Huits 2011) have written an overview or critique of them, some (e.g., Halloran et al. 2009 ) who have worked with values in design without following any of those specific approaches or establishing a new method and, finally, some scholars (e.g., Onselen and Valkenburg 2015; Ross 2008 ) who have not followed any of these approaches but applied one of the existing approaches in the social sciences. We also found some scholars (e.g., Detweiler 2016) who extended the value list of VSD in pursuing their own research.
Value sensitive design (VSD)
Value sensitive design is a "theoretically grounded approach to the design of technology that accounts for human values in a principled and comprehensive manner throughout the design process" (Friedman et al. 2017, p. 64) . This approach was originally proposed by Friedman and her colleagues in the 1990s and was intended to be applied to human-computer interaction and information science. In this approach, value is defined as "what a person or group of people consider important in life" (Friedman et al. 2013, p. 56) . They provide a list of 13 1 human values with ethical import as is often implicated in system design: (1) human welfare, (2) ownership and property, (3) privacy, (4) freedom from bias, (5) universal usability, (6) trust, (7) autonomy, (8) informed consent, (9) accountability, (10) courtesy, (11) identity, (12) calmness, and (13) environmental sustainability (Friedman et al. 2013 ). This list does not intend to be complete but presents a list of "frequently implicated values" to suggest values that should be considered in the investigation.
The notion of VSD, based on an iterative methodology, integrates conceptual, empirical, and technical investigations. As Friedman described it, conceptual investigations "involve philosophically informed analyses of the central construct and issues under investigation", empirical investigation "involves social-scientific research on understandings, contexts, and experiences of people affected by technological designs", and technical investigations "involve analysing current technical mechanisms and designs to assess how well they support particular values, and, conversely, identifying values, and then identifying and/or developing technical mechanisms and designs that can support those values" Kahn 2003, p. 1187) .
Value-led participatory design (VPD)
Participatory Design (PD) is a design approach that involves all stakeholders in the design process. With a Scandinavian tradition and high respect for democracy, it stresses the importance of working with values in the system development process to respect people's democratic rights (Iversen et al. 2012a, b) . In this case, Iversen (a Danish interaction designer) and his colleagues argued that an effective way to do this was "to elevate values to the fore of Participatory Design (PD) inquiries, and to engage with values as the engine that drives the design activities" (Iversen and Leong 2012, p. 468) . In VPD enquiry, values are defined as "enduring beliefs that we hold concerning desirable modes of conduct or end-state of existence in different situations, societies, and cultural contexts" (Leong and Iversen 2015, p. 315) . In this definition, they employed the research of social scientists such as Rokeach (1973) . However, they did not use any existing list of values. In fact, they rejected using a set or fixed list of values since, as they argued, in their work "values are emergent and can vary from one project to another" (Iversen et al. 2010, p. 92) . They thus attempt to find local expressions of values during the design process. In accordance with their roots, they focus on the value of workplace democracy, quality of work life, and designing for skilled workers (Iversen et al. 2012b) . VPD inquiry consists of a recursive three-phase process: the emergence, development, and grounding of values, trying to bring not only users' and stakeholders' values, but also designers' values to the PD processfrom early analysis to the final product (Leong and Iversen 2015) . Cockton (2005) pointed out that human-computer interaction (HCI) was system-centred up to the 1970s, user-centred in the 1980s, and context-centred in the 1990s. He argued that these human-computer interaction approaches, while necessary, are not sufficient. He believed that a value-centred focus should be the fourth leg "to create a stable structure for HCI" (Cockton 2005 (Cockton , p. 1292 . According to him, HCI needs to focus on design which is defined as "intent to create value" (p. 1292). In addition, he noted that values are what users really want: designers do not define value but talk to people about it (Cockton 2004) .
Value-centred design (VCD)
To achieve this goal, Cockton (2005) designed a value-centred framework and added four processes to the existing development methodologies: opportunity identification, design, evaluation, and iteration. In the first process, the intended value is specified for a digital product by the means of chat interviews with users. Later, however, to avoid "confusion (especially 'value' vs 'values') and distracting associations of the word 'value'" (Cockton 2006, p. 165) , he changed 'value-centred' to 'worth-centred'. He noted that value-centred design-in other words, worth-centred design-does not have any roots in morality but it is "a logical consequence of usability and contextual approaches", with a focus on the 'worthwhile' in which 'worth' is a motivator "to buy, learn, use or recommend an interactive product" (pp. 167-168).
Problem statement and research goal
The reviewed literature shows that, despite the significance of human values in everyday life and consequently in design, they mostly remain implicit and unarticulated in design projects (Steen and van de Poel 2012) . Only a few design approaches concentrate on human values and aim to address them in their design; further there is very little agreement among them in identifying those values (Boztepe 2007b) . In this respect, the lack of an established and accepted fundamental grounding (Boztepe 2003 ) and a comprehensive list of values (Borning and Muller 2012) can be considered as an unresolved issue. Our justification regarding this need can be summarised as follows (see Table 1 ).
The three design approaches (VSD, VPD, and VCD) have different ways of identifying values. VSD is the only design approach that introduced a value list for design. However, this list is neither general nor comprehensive. In other words, the authors (Friedman et al. 2013) proposed only 13 moral values that are often implicated in system design, but they are not representative of the various types of human values that exist. This list looks arbitrarily chosen, and Friedman and her colleagues did not try to validate their proposed value list. In contrast, VPD (Iversen et al. 2010) and VCD (Cockton 2005) refused to use a fixed list since, the proponents argued, every project is different. This means they left the whole task of identifying values for designers and assumed that the latter possess a (Iversen et al. 2012a, p. 95) , VCD and VPD did not suggest any method to raise designer's awareness about human values; rather, they were left to find their own way in the massive amount of available information about the subject. Since the term 'value' is widely used for different purposes in various disciplines, and there is no comprehensive value framework for design, we considered the need for guidance for designers. We derived a general list of values to cover diverse views and, as well, a well-classified framework to summarise the list in a brief, understandable and applicable model. This serves to both simplify thinking about the values and enable discussion of them. In this respect, a holistic view of the values of different aspects of human life is important for design, since improving the quality of human life is the aim of designand this improvement is related to progress in all aspects of life (Saariluoma et al. 2016 ). Accordingly, we designed a tool, using the comprehensive value framework of Kheirandish (2018) . This tool aims to simplify the use of the value framework in the course of design to bring human values consciously and explicitly into design discussions and practices. The core assumption for developing such a tool is that raising designers' awareness about human values and facilitating their application within the design process would serve to increase the impact of such values across the design itself. Although the HuValue tool-as it is termed-was developed to help both design students and professionals, in this article, we investigate whether this tool is applicable and effective to be used in design education. Indeed, training design students to use the tool per se is a way of bringing the HuValue perspective into real practice (given that design students plan to become professionals in the near future). As related studies in design and technology education thus far mostly have focused on school education (see the list of the reviewed studies in the Introduction), in our study, we targeted first-year design students in an engineering-focused university. In this programme, the first year focuses on building awareness of various areas of expertise related to the field of industrial design. We selected first-year students, as they are expected to initiate a design project for first time and are likely open to new approaches and careful about each step in their design process.
The HuValue tool
Our tool, called HuValue, was designed in the form of a card-based design tool (Figs. 1, 2, 3). This form was selected for the design tool since cards are low-tech, tangible, and approachable design materials that recently have become popular (Lucero et al. 2016) . Generally, cards have been widely used by designers to visualise the design process and make it less abstract (Wölfel and Merritt 2013) . Card-based design tools are an effective medium to bridge the gap between theories and practice, to present theoretical constructs, and to make the design practice playful and engaging. They can be a source of inspiration and facilitate creative dialogue and shared understanding (Mora et al. 2016) . In fact, they are beneficial for communicating between design teams and also with users (Wölfel and Merritt 2013) . Additionally, they can be used for evaluating and rating ideas (Mora et al. 2016) . Design cards are capable of supporting different phases of a design process as they can be used differently in each situation (Lucero et al. 2016) . (Fig. 3 ). These elements are intended to bridge the gap between the abstract level of human values and the practical level of design. This tool is grounded on a comprehensive value framework for design (Kheirandish 2018) . This framework was created and developed via research with various theoretical, empirical and design-based approaches to compile, classify and structure the existing value lists, including Rokeach (1973) , Peterson and Seligman (2004) , Schwartz (1992) , and 10 more value lists from the last century (Kheirandish 2018) . This value framework provides a holistic view of the values of different aspects of human life (Verkerk et al. 2015) . In the HuValue tool, the value framework is illustrated in a circular form as the value wheel.
The Value wheel is a circle with nine value clusters. Each value cluster is introduced with an icon, a label, a mood board, a descriptive sentence, five key values, and some relevant terms. In the wheel, anyone can rank the value clusters in their order of importance to her/himself. Each value cluster has a 5-point scale: 'Extremely important', 'Very important', 'Important', 'Somewhat important', and 'Not important'. In addition to the words, colour saturation separates various levels of the scale: the highest saturation is for 'Extremely important' and the lowest saturation for 'Not important' (with three more in between).
The Value words are 45 two-sided cards with a value word on the front and its relevant value cluster at the back, based on empirical research for grouping the value words (Kheirandish 2018) .
The Picture cards contain 207 cards of three different types: 66 activities, 66 personas, and 75 products/services. Every activity card contains a picture showing an activity or behaviour, without any description. At the bottom of each card, there is a space in which people can write their own interpretation. The persona and product cards are combinations of pictures and texts. Persona cards include well-known people from all over the world in different disciplines, without judgement about their positive or negative influence, in addition to some artificial personas. Product/service cards present a wide variety of products, services, and design concepts. Generally, the HuValue tool is a means of facilitating thinking about and discussing human values. This tool supports designers with simple but familiar materials during their design process to analyse everything (object/subject/situation) from a wide value point of view. This approach, referred to as the HuValue perspective, enables designers to be aware of and sensitive to human values and to consider various aspects of their topic and different types of values-even if they personally do not value them.
Being aware of the massive diversity in design processes (Dubberly 2005) , the HuValue tool is intended not to be specified or limited within a fixed design process. For this reason, we proposed several applications based on common design activities (e.g., analysing the situation, defining the design goal, generating ideas, selecting a final idea, developing the concept, and realising and evaluating the final concept) that are fairly consistent across various design processes. In this respect, the tool can be applied for various purposes: the design challenge, the design goal, the context of use, and the user's needs, desires and requirements (Salem and Rauterberg 2004) , all these elements can be studied from a value-centred point of view for a better understanding of the design situation. Human values can also be used, not only as a source of inspiration to expand the ideas, but also as a means of helping them to cluster and converge and can be applied as criteria for deciding on the final idea. Finally; the concepts thereby arrived at can be evaluated from a value perspective.
Research design
A quasi-experimental study (Snow 1974 ) was conducted to test and evaluate the HuValue tool in design education. For this, a group of undergraduate students from the Department of Industrial Design in an engineering-focused university was selected as participants. According to the literature (Shadish et al. 2002; Polit and Beck 2010) , participants' cooperation is rarely perfect in studies with random samples. In fact, experiments almost never rely on random samples. We are aware that our sample is not representative of all design students worldwide and its deriving by the convenience method limits the generalisability of the findings.
In this study, the information was given to the participants via a workshop and group meetings; the data were collected via questionnaires and the students' final deliverables. The investigation was structured with the following research questions (RQx): RQ1: Is the tool relevant and applicable to a design process? RQ2: What is the role of training in the use of the HuValue tool?
The relevancy of the HuValue tool for design
To study how the HuValue tool can be applied in different design phases and how this could help students consider human values in their design, we supported randomly selected groups of students in the use of the tool over the whole of their design project. Six project groups received the HuValue and an introduction to its use. Six other project groups received, not only the tool and the introduction, but also more guidance over the semester about how to use it across different design phases. Four project groups without any support for human values were monitored as control groups. These control groups did not receive the tool. The plan was to look into all project groups' final designs to determine whether they used the HuValue tool in their design process, and if so, how and in which parts did they use the tool and for what purpose.
Methodology
The study was designed in the context of the first project of undergraduate design students (Project-1-Design). Students involved in this project, based on their interests, are asked to select one out of six project themes. Within every project theme, students were divided into groups of four and then sorted alphabetically by family name. At the end of the semester, every project group was to deliver a poster and a report. In the poster presentation, they were to introduce their final design concept; in the report, they were to describe their design process, their design iterations, their decisions, and relevant arguments as occurred during the project.
Our study was conducted in the context of Project-1-Design, from February until June 2017, with 192 students. To achieve the goal of the study, we selected randomly two project themes with an equal number of project groups as the participants (2 project themes × 8 project groups × 4 students = 64 first-year design students), who were divided randomly into three categories:
• 'Trained Groups' (TG): Six project groups were selected by chance from two project themes: three groups from one theme and three groups from the other theme. They took part in an introductory workshop on human values and then, in further meetings, they were supported with step-by-step training on how to apply the tool in different parts of their project.
• 'Introduction Groups' (IG): Six project groups were selected by chance from two project themes: three groups from one theme and three groups from the other theme. They only took part in the human values introductory workshop.
• 'Control Groups' (CG): The other four project groups (two project groups from each theme), did not receive any specific information or support about human values.
To answer RQ1 and also RQ2, we carried out a workshop to introduce the HuValue tool and its applications in design to 12 project groups (TG and IG). During the workshop, at least three out of four students of each project group were present, and every student Fig. 4 Group meeting 1. A project group of TG is using the HuValue tool to discuss their design situation received a set of the tool and guidance on how to use it for different purposes. Afterwards, the six TGs were guided step by step in group meetings to clarify their vision; identify potential user's needs, desires, and requirements; define their design goal and design challenge; generate creative and valuable ideas; and evaluate their final concepts. During the meetings, we did not provide the participants with any suggestions for using the tool in the realisation phase. A captured moment of one of these meetings is presented in Fig. 4 .
At the end of the semester, each project group was expected to present their outcomes to the public (a week after they delivered their project reports). Here they described their design process and spoke about how the iterations contributed to their end results. After collecting the project group reports, to answer our first research question, 'Is the tool applicable in a design process?' we read and analysed their reports to find out whether they applied the tool in their project. If they did, we tried to find out in which phase and for what purpose the tool was used. Furthermore, we sought to understand how the tool had been used.
As this study was conducted in the context of a design project in an engineering-focused university, we had to follow the defined structure in this project: A design process with four phases of ideation, conceptualisation, realisation, and evaluation. In addition, in this programme at the start of the semester, students formulate their vision and goal in a personal development plan. Inevitably, in this study, we reported the tool applications and the design activities linked to the relevant design phases.
The two independent variables (IV) in this study were training and design phases, and the two dependent variables (DV) were tool use and value use:
• IV. Training: As explained above, all project groups in two randomly selected project themes were divided into three categories, namely, TG, IG, and CG, and were treated differently from one another.
• IV. Design phases: The project groups reported their design process in their final report via five divided phases: (1) defining vision, (2) ideation, (3) conceptualisation, (4) realisation, and (5) validation.
• DV. Tool use: Two levels [1, 2] of tool use in the project groups' reports were measured:
[1] 'Used the tool': Using the HuValue tool and/or its perspective was mentioned in the report.
[2] 'Did not use the tool': Using the tool and/or its perspective was not mentioned in the report. 
Results
In the first step, we searched for the keyword 'value' in the reports of all 16 project groups (including 6 TG, 6 IG, and 4 CG) via the pdf search option. Except for two, the projects used the word 'value' regularly. However, the word 'value' was mostly used in its general meaning as 'the quality of being useful or important'; added value, value proposition, core value, intrinsic value, key value, and so forth were applied to designate 'positive features'. Then, we narrowed the search with some keywords such as 'human values', 'value tool', 'value workshop', and so forth. The results of this analysis, as presented in Table 2 , indicate that the HuValue tool was used by TG, IG, and CG (number of project groups that used the tool). Lastly, since using the concept of value even without mentioning the terms 'value' or 'human values' was possible, we read the full reports and searched for value words. In this step, we were looking for the exact word or its other forms. For instance, for 'kindness', the phrase 'being kind' was also acceptable. After reviewing all reports, we measured two levels of tool use, and also four levels of value use in those reports. The frequency of tool usage and value usage in different design phases by three training groups of TG, IG and CG are presented in Table 3 .
Furthermore, a statistical analysis of Pearson's Chi square test of independence was conducted on tool use and value use versus training and design phases, excluding the realisation phase, since any value use were not reported in this phase. The results of this test, as presented in Table 5 indicated that TG used the tool significantly more than expected. It also used values at the levels of three and four more than expected. IG used the tool less than expected: it used values at the levels of one and two more than expected. CG also used the tool less than expected: it used values in the first level more than expected.
As presented in Table 3 , nine out of the 16 project groups mentioned using human values in their design process (six TG, two IG, and one CG); six reported using the HuValue tool in their design process (the tool was mentioned in the text and/or shown in photos), and three used the HuValue perspective in their design process (the workshop and/or the workshop leader's name, as well as 'values', were mentioned in the reports). Seven other project groups did not mention human values in their reports: five of them used value words unclearly (without identifying those words as values). Two other project groups did not mention anything about values. Moreover, the results indicated that using human values at levels 2, 3, and 4 of value use was reported most in the conceptualisation phase with 10 project groups. Both ideation and defining vision with nine project groups stood in second place, and validation with five groups was third. None of the groups used value words in the realisation phase.
To find out how project groups used human values in their design process, we went to the relevant parts in the reports, which mentioned using human values, and highlighted their purpose of use. Then we tried to find suitable labels for these. The results of this study, presented in Table 6 , showed that the most popular purpose of using human values during their design process was 'Defining design goal' (26%). This application was reported by seven different groups. The second and third popular applications of human values were 'Choosing final idea' (18%), mentioned in five reports, and 'Searching for what is important for the design and make a list of values' (15%), mentioned in four reports. The other applications were 'Discovering common value(s) of the group', 'Developing the concept to cover the intended values', 'Being inspired by values or related activities/products/personas', 'Presenting intended values in a mood-board' and 'Using intended values for user test'. These labels are representative of more or less similar methods that they described in the reports. For instance, two project groups explained that they assigned values to the generated ideas to find more relevant ideas for their intended values, one project group mentioned they clustered the generated ideas and assigned relevant values to them to find a more important idea, and the other project groups briefly mentioned that they used the intended values for choosing the final idea. So, we labelled them all as 'Choosing final idea'. One example of using the tool in a design project is presented in Fig. 5 .
Discussion and conclusion
The main question in this part of our study was whether the tool is applicable in a design process. The results showed that nine out of the 16 project groups reported using the tool during their design, for different purposes.
All six project groups of TG, who received guidance for using the tool during the semester, used the tool in their design process. They used the tool for defining the vision, ideation, conceptualisation and also validation. In fact, they used the tool for the same purposes that we discussed during the workshop and group meetings. However, they mostly preferred to follow their own personal and creative ways in its use. For instance, one project group used the tool for discovering common values for the team by ranking value words individually and then comparing them, and another project group discovered common values for the team by finding important values for each member and then clustering them and ranking the clusters.
As a whole, participants found the most important moments during the design process to use the tool: they used the tool for defining the vision and design goal, they saw it as a source of inspiration for finding ideas and also as a criterion for evaluating their idea, and they applied the tool to search for important values of the designer/user/design situation. Only in the validation phase was the tool not used as we expected, due to the lack of experience in prototyping and also in time management. In other words, in the validation phase, they did not have a functional prototype and/or enough time to do a proper user test.
As in TG, two project groups of IG (who were present in the workshop but not in the group meetings) used the tool in their design process. Those project groups applied the tool for defining the vision and ideation clearly, as we discussed in the workshop, but they did not go further. This indicates that training in various applications of the tool via project group meetings was important and helpful and, as the statistical analysis showed, using the tool was significantly dependent on this training.
Surprisingly, one project group of CG, who was supposed to have no access to the tool, received the tool from their friends in TG and used it. Although in an interview they mentioned that they did not have any information about the tool or its function and possible application(s) in design, they used the picture cards as inspiration in the ideation phase. This point showed that the tool functioned outside its goal (raising awareness about human values) and even without any training served as a useful toolkit in a design process. According to the results, presented in Table 3 , some IG, and CG, who did not use the tool, used value words in the vision statement, ideation, conceptualisation, and validation phases-even though they did not mention them as 'values' explicitly. This shows that human values play an important role in these design phases, even if the student is not fully aware of that.
Moreover, beside using general terms of 'decision making' and 'value judgement' that widely are mentioned in technology and design education literature (e.g., Conway 1994; McLaren 1997; Pavlova 2005) , this study, inspired by VSD (Friedman et al. 2017) , VPD (Iversen et al. 2010) , and VCD (Cockton 2005) , provided practical details for applying the concept of human values in a design process.
The role of training in the use of the HuValue tool
To study the effectiveness of the tool, we used the results of the 16 selected project groups and assessed the design concepts they delivered to see whether training them with the tool was helpful in embodying more values in their design. In this evaluation, value enrichment was studied in two dimensions: the strength of the embedded values in the concepts and their diversity. To this end, we assessed the concepts and scored them from a value point of view for our nine value clusters. Next, regarding the strength of values, we tested the correlation of the scores with the categories of participants (TG, IG, and CG); and then for the diversity of values, we studied whether or not the number of addressed value clusters by TG, IG, and CG was statistically different.
Methodology
For this part of our study, the same participants as in our previous section were investigated in the context of Project-1-Design with the 16 project groups (16 × 4 = 64 first-year design students) as participants, in our three categories: TG, IG, and CG.
After collecting the project groups' deliverables, to answer RQ2 we assessed all projects and evaluated the design concepts from a value point of view. Concerning time and available facilities, in our study, we used students' design concepts instead of final prototypes to assess the students' output. Since design concepts were not ready to use or even test in real life, we could not use the real target groups of those design concepts for assessing them. Consequently, we used independent designers to assess the concepts, because we could expect them, as designers, to understand the concepts, their functions and intended behaviour from a poster, and to imagine themselves using those (not yet produced) products. The relevant value clusters in each concept were identified and rated on a 5-point rating scale from 'Not relevant' to 'Extremely relevant'. To detect bias in this assessment, we used three independent raters.
The independent variables (IV) in this study were training and value clusters in the design process; the dependent variables (DV) were nine value scores, total value score and value diversity of design concepts.
• IV. Training: The project groups were divided into three categories, the same as the previous section (see The relevancy of the HuValue tool for design).
• DV. Nine value scores: The design concepts were assessed in terms of our nine value clusters. All three raters were asked to assess the design concepts from a value point of view and for each concept to score the nine value clusters on a 5-point rating scale, 'Not relevant' (= 0), 'Somewhat relevant' (= 1), 'Relevant' (= 2), 'Very relevant' (= 3), and 'Extremely relevant' (= 4). In this way, every design concept received nine value scores (VS-X, range 0-4):
VS-Carefulness, VS-Ecology, VS-Justice, VS-Meaningfulness, VS-Personal development, VS-Pleasure, VS-Respect for oneself, VS-Respect for others, and VS-Status. • DV. Total value score:
The sum of all nine single value scores for each concept made the total value score (VS-total, range 0-36).
• DV. Value diversity: To study the diversity of the embedded values in the design concepts, we summed the number of value clusters for each design concept that got scores above '0' to make up its value diversity. This dependent variable shows how many value clusters were addressed by each design concept (range 0-9).
Rater reliability
We asked three raters, with different ages, genders, and nationalities, but all with a design background, to do the assessment independently. The first rater (R 1 ) was 22 years old, male, Italian; the second rater (R 2 ) was 25 years old, female, Dutch; and the third rater (R 3 ) was 34 years old, female, Iranian. All three raters were asked to assess 16 design concepts. Each rater did the whole task individually and separately. For every concept, raters had a descriptive poster (the project group's poster, which was enriched with more information and pictures from their report) and a value wheel, and they were asked to follow step by step instructions. In the instructions, they were asked to take the poster, read the descriptive text of the concept, and underline any important word or phrase to introduce the concept. In addition, they were asked to try to understand the function(s) of the concept. To prevent confusion with their own imagination, they were asked to focus only on the exact features presented by students and their intended use and avoid adding any content of their own to the concept. They also were asked to identify the intended behaviour to which the concept was applied. After imagining the concept in use and considering the underlined words/phrases, function(s), and also the intended behaviour of the user, each rater was instructed to take the value wheel, review all value clusters one by one to find the human values relevant to it, and circle them. They then scored all value clusters on a 5-point rating scale from 'Not relevant' to 'Extremely relevant' for each design concept (by asking themselves how much using the concept and executing the intended behaviour could be helpful for supporting and strengthening that intended human value in particular).
We assessed the reliability of the raters to reduce the risk of bias in the findings. To do so, we used the interrater reliability test of Cohen's kappa (κ) to measure the interrater agreement in rating the relevant human values of the concepts. As this test works for two raters, we ran the test for raters two by two, (R 1 & R 2 , R 1 & R 3 , and R 2 & R 3 ) for each value cluster (Table 7) .
Afterwards, to find the most objective ratings, the results were compared, the most deviating rater in each value cluster was excluded, and the two more similar ratings merged. (For example, for VS-Carefulness, κ for R 1 & R 2 and R 1 & R 3 are poor, and for R 2 & R 3 is slight. So, we used rating of R 2 and R 3 for the value cluster of Carefulness). The mean of these two individual ratings made a value score for each value cluster of every concept. This means every concept got nine value scores including VS-Carefulness, VS-Ecology, VS-Justice, VS-Meaningfulness, VS-Personal development, VS-Pleasure, VS-Respect for oneself, VS-Respect for others, and VS-Status. Table 8 and Fig. 6 present the nine value scores for TG, IG, and CG. 
Results
In this part, first, we present the nine value scores that are the results of the concept assessment after excluding the most deviating rater in each value cluster. Then, we present the results of the statistical analysis of the dependent variables, total value score and value diversity.
The results presented in Table 8 indicate that TG, IG, and CG obtained different nine value scores (VS-X) . This, as illustrated in Fig. 6 , shows that the means of VS-Meaningfulness, VS-Ecology, VS-Pleasure, VS-Status, and VS-Carefulness for TG were higher than IG and CG; the means of VS-Personal development and VS-Respect for oneself for IG were higher than for TG and CG; and the means of VS-Respect for others for CG was the highest. 
Total value score
To investigate the strength of the values embedded in the concepts, we defined the dependent variable total value score (VS-total) . To test whether there is a statistical difference between the means of the total value scores for TG, IG, and CG, we used a one-way ANOVA of total value score and training. The results, as presented in Table 9 , indicate that the difference between the means of the total value scores for TG, IG, and 
Value diversity
To study the diversity of the values embedded in the design concepts, we defined the dependent variable value diversity. This variable shows how many value clusters were addressed by each design concept. A comparison of the number of value scores above '0' in each value cluster, as presented in Fig. 8 , indicates that the value clusters 'Pleasure', 'Personal development', and 'Respect for others' were addressed in the design concepts more frequently. But the value clusters 'Meaningfulness', 'Status', and 'Ecology' were addressed only in few design concepts. Furthermore, we used a one-way ANOVA of the value diversity and training to test whether there is a statistical difference between the means of value diversity for TG, IG, and CG. As presented in Table 10 , this test did not suggest any significant differences, but the trend of means is similar to total value score.
Discussion and conclusion
We investigated the role of training in the use of the HuValue tool with the two variables of total value score and value diversity.
In the total value score, the test indicated a significant difference between TG, IG, and CG, in which the total value score of TG was significantly higher than CG. However, as presented in Fig. 6 , the means of the nine value scores (VS-X) were generally lower than 1.50. Indeed, this result is lower than our expectation, although the highest scores in different value clusters gained by TG and IG (see Fig. 8) ; still, there is room for strengthening the addressed values.
In value diversity, the results did not suggest any significant difference between TG, IG, and CG. To check whether this non-significant result was due to a lack of statistical power, we conducted a post hoc power analysis with the program G*Power (Faul et al. 2007 ). This test revealed that, on the basis of the mean, between-groups comparison effect size observed in the present study (d = .52), an N of approximately 39 would be needed for a power (1 − β) set at 0.80 and α = 05. So, in the present study with the sample size of 16, we could not conclude that there was a difference between the categories. Although all three means indicated the direction of our hypothesis, a simple counting of the value scores above '0' (Fig. 8) showed that Control Groups (CG) of the two project themes addressed merely 'Personal development', 'Pleasure', 'Respect for others', 'Justice', and 'Respect for oneself'. But TG and IG, which had been supported with the HuValue tool, almost covered all value clusters on these same themes. This result was consistent with the idea that, regardless of the project theme, project groups without any specific training mostly focused on pleasure and personal development. Yet values such as meaningfulness and carefulness usually remained out of attention. In this respect, the HuValue tool seemed very helpful for widening the students' view on diverse aspects of life and for encouraging them to use different types of values.
General conclusion
In this study, the first research question asked whether the tool was relevant to a design process. The findings illustrated that the answer was 'yes'. As the study evidenced, the tool was used for defining the vision, ideation, conceptualisation, and validation of the design idea. The study also showed that the tool was capable of being used for different purposes. According to the results, it can be used for defining the vision and design goal. It can be seen as a source of inspiration for finding ideas and also as criteria for evaluating them in any design iterations. The tool is applicable to searching for important values of the designer/user/design situation and providing materials to visualise them. These applications are more or less the same as what we proposed for applying the tool. However, each design student can use them in her/his own creative way. The second research question of this study inquired about the role of training in the use of the HuValue tool for enriching design concepts with human values. In this study, value enrichment was considered in terms of the strength of the embedded values and also their diversity: Firstly, the results indicated a significant effect of training on value score, in which total value score of TG was significantly higher than CG. This means the project groups that had been supported with the HuValue tool addressed stronger (more identifiable and recognisable) human values in their design concepts compared to the control groups. Secondly, the results did not indicate a significant effect of training on value diversity, probably due to a lack of statistical power. Further, a counting of the value scores above '0' for the two main project themes showed that the four value clusters, 'Meaningfulness', 'Carefulness', 'Ecology', and 'Status' were not addressed with CG, whereas TG addressed all nine value clusters. These results show that the tool can be helpful for increasing the diversity of the values embedded in the design concepts, since the participants who received specific training about using the HuValue tool addressed more diverse human values compared to the control groups with no specific support about human values.
All in all, our study provides sufficient evidence that the tool is applicable and effective for embedding human values in design education. This finding shows that widening design students' view in terms of human values and facilitating using this concept in a design process could be helpful for enriching their design concepts with human values. The convenience sample of this study was not representative of all design students worldwide, however-thereby limiting interpretation of the results. It is thus highly recommended that future studies include students from multiple institutions.
The HuValue tool provides tangible materials for investigating all elements (object/subject/situation) of the design process from a human value perspective. Due to the flexibility of its components, this function can be fulfilled in many different ways-not only for raising design students' awareness about human values but also for uncovering the human values behind needs, goals, motivations, and actions. Although the concept of human values is borrowed from philosophy and the social sciences, by revealing the place of this concept in every design discussion, the HuValue tool presents human values as an original term in design. This tool, unlike Value Sensitive Design, does not bring human values forward as a moral and ethical concern, but rather as an essential aspect of design discussions and practice.
In our future study, we plan to digitalise HuValue and make it available online for design students from all over the world. By introducing the tool widely, we expect to receive more feedback, comments, and even help for its further development. Also, we intend to test the tool in professional design projects with senior designers, use it for embedding specific values in products, and investigate the influence of using those products on real users.
